Objective: The comparison of the effect of antidepressants on psychomotor functions in patients with endogenous depression. Materials and Methods: This prospective interventional study was carried out at a tertiary care teaching hospital on 95 literate patients with newly diagnosed endogenous depression matching inclusion and exclusion criteria. Patients were prescribed either desvenlafaxine (50 mg) or fluoxetine (40 mg) or sertraline (50 mg). Psychomotor functions were assessed by digit letter substitution, six letter cancellation, choice reaction time, hand steadiness and flicker fusion test at the baseline 1 st month and 3 rd month. Efficacy of drugs was also measured by Hamilton rating scale for depression. Data were analyzed by using ANOVA and P < 0.05 was considered as statistically significant. Results: A total of 95 patients were enrolled. Fluoxetine, desvenlafaxine, and sertraline were prescribed in 32, 32, and 31 patients, respectively. At the end of 3 months, a significant improvement in psychomotor functions was observed in patients treated with sertraline (P < 0.05), while desvenlafaxine-treated patients did not show any significant change in any of the tests. Surprisingly, fluoxetine-treated patients showed deterioration in all psychomotor tests (P < 0.05). Hamilton rating score improved at the end of 3 months treatment as compared to baseline. Most commonly observed adverse reactions in all three drug groups were nausea (n = 20), dizziness (n = 3), headache (n = 20), and diarrhea (n = 3). Conclusion: Sertraline significantly improves psychomotor function as compared to desvenlafaxine while fluoxetine impairs.
INTRODUCTION
Depression is a common mood disorder characterized by sadness, loss of interest or pleasure, feelings of guilt of low self-worth, disturbed sleep or appetite, feelings of tiredness, and poor concentration. [1] According to the global burden of diseases, the prevalence of depression is 5.8% in men and 9.5% in women. [2] The treatment options mainly include nonpharmacological therapies and pharmacological therapy. Pharmacotherapy mainly consists of antidepressants. The monoamine oxidase inhibitors and tricyclic antidepressants (TCAs) comprise the first-generation antidepressants. Whereas, antidepressants such as the selective serotonin reuptake inhibitor (SSRI), for example, fluoxetine, and sertraline; serotonin-norepinephrine reuptake inhibitors such as desvenlafaxine and duloxetine mainly comprise the second generation. The second-generation antidepressants have proven greater efficacy and safety than the first generation. [3] The efficacy can be measured as changes from baseline or remission on an investigator-rated diagnostic depression scale such as Hamilton Depression (HAM-D) Rating Scale for depression. As depression is a chronic condition and the treatment has to be given for a longer duration, the adverse reactions deserve special attention mostly those affecting the daily activities like behavioral toxicity. [4] Behavioral toxicity is defined as the extent to which a drug disrupts those abilities necessary for the safe performance of cognitive and psychomotor tasks of everyday life. [4] A meta-analysis of controlled studies of antidepressants showed that some TCAs could disrupt these functions. [5] Cognitive function is the brain's ability to acquire process, integrate, store, and retrieve information. [6] Psychomotor function includes sensorimotor processes such as reaction time and sensorimotor accuracy. Disturbance in these processes leads to patient maladjustment and may impair psychomotor performance, which plays an important role in driving and operating complex machinery. Various tests for the assessment of different aspects of the psychomotor function are available. This includes six letter cancellation test (SLCT), digit letter substitution test (DLST), flicker fusion test, hand steadiness test, choice reaction time test, etc., The efficacy and effect of conventional first-generation antidepressants on psychomotor function are established. Hence, the present study was aimed at comparing the efficacy and effect of the second-generation antidepressants on psychomotor functions with newer antidepressants in patients with endogenous depression at a tertiary care hospital, Ahmedabad.
MATERIALS AND METHODS
This was an interventional, continuous, prospective study carried out at the Department of Pharmacology and Department of Psychiatr y, Civil Hospital, Ahmedabad. The study protocol was approved by the Institutional Ethics Committee (Reference number -EC/Approval/51/14 date: Februar y 7, 2014). Newly diagnosed patients with endogenous depression, aged 15-55 years of either gender, living in Ahmedabad city, could read and write in Gujarati, Hindi, or English and consented to follow-up were included in the study. Patients suffering from chronic diseases or diseases affecting psychomotor function, patients on any drug (s) known to affect memory and psychomotor function, having a history of alcohol or any other substance abuse, pregnant, and lactating women were excluded from the study. The new patients diagnosed with endogenous depression by the consultant psychiatrist were included in the study. They were randomly assigned to either sertraline and fluoxetine or desvenlafaxine groups using a random table. Tablet desvenlafaxine was obtained from Abbott Pharmaceuticals, Ahmedabad. Tablet fluoxetine and sertraline were available from the hospital pharmacy. The patients were followed for 1 st month and at the end of the 3 rd month of starting the treatment. The drug was dispensed by the investigator at each follow-up, and compliance was maintained by using a drug dispensing record sheet and checking the pill count. The baseline data such as demographic details, clinical examinations, laboratory investigations, any concomitant diseases and drug therapy, and details of the drug treatment were recorded in a predesigned case record form. The tests used for the evaluation of psychomotor function includes SLCT, [7] DLST, [7] critical flicker fusion test, [8] choice reaction time audio-visual, [9] and hand steadiness test. [10] HAM-D rating scale [11] is a 17-item clinician-rated scale used to measure the efficacy of these antidepressants. These were administered at the baseline and at the end of the 1 st and 3 rd month treatment.
Statistical analysis
Data were analyzed as per the protocol analysis. A sample size of thirty in each group was calculated considering the power of study as 95% and level of significance 0.5%. Data were analyzed using repeated measures and one-way ANOVA. The data are represented as mean ± standard error of mean. P < 0.05 was considered statistically significant.
RESULTS
A total 109 patients diagnosed as endogenous depression by a consultant psychiatrist and who fulfilled the inclusion-exclusion criteria were enrolled in the study [ Figure 1 ]. The mean age of the patients was 39 ± 10.14 years. The male to female ratio was 1:1.15. All the 95 patients were literate. Maximum numbers of graduates were in the fluoxetine group. Majority of patients were homemaker followed by students, businesspeople, and few were unemployed. The group-wise distribution of demographic details is as mentioned in Table 1 .
Effect of drug on psychomotor functions
The three groups were comparable (P > 0.05) at the baseline in the choice reaction time test audio-visual, hand steadiness, and flicker fusion test.
Patients treated with sertraline showed a significant increase in SLCT and DLST scores at the first and second follow-up as compared to the baseline (P < 0.001). In the flicker fusion test, an increase in threshold was observed in the first follow-up as compared to the baseline (P < 0.01). A significant decrease in the choice reaction time test audio and visual component was observed at each follow-up as compared to the baseline. In hand steadiness test, a significant decrease in scores as compared to the baseline and subsequent follow-ups were observed at the first (P < 0.01) and second follow-up (P < 0.001) [ Table 2 ].
Fluoxetine-treated patients showed a significant decrease SLCT and DLST scores at all the follow-ups as compared to the baseline (P < 0.001). In the flicker fusion test, a significant decrease in threshold was observed at the first and second follow-up as compared to the baseline (P < 0.001). In choice reaction time test audio, a significant increase in scores was observed at the first follow-up as compared to the baseline (P < 0.001) and second follow-up as compared to the baseline and first follow-up (P < 0.001). In the visual test, all the follow-ups showed a significant increase in scores as compared to the baseline (P < 0.001). In hand steadiness test, a significant increase in scores was observed at each follow-up as compared to the baseline (P < 0.001) [ Table 2 ].
Patients of desvenlafaxine group did not show any significant change in the scores of any tests at any follow ups [ Table 2 ].
Comparison of three groups at the end of 3 months
The effect of 3 months treatment with sertraline and fluoxetine desvenlafaxine was determined. The difference of the values between baseline and at the end of the study period was calculated. The mean value of this difference for all psychomotor tests was compared using one-way ANOVA with post hoc analysis. The mean difference of the baseline to the last follow-up scores in sertraline group was statistically significant as compared to fluoxetine group in all the psychomotor tests [ Table 3 ]. The difference in sertraline group was significant as compared to desvenlafaxine in all tests except flicker fusion test [ Table 3 ] (P < 0.05). Whereas, the mean difference between baselines to last follow-up scores of desvenlafaxine group was significant as compared to fluoxetine [ Table 3 ] (P < 0.05).
Hamilton depression rating scale
Comparison of all the three groups at the baseline Mean score at the baseline for all three groups was comparable [ Table 1 ]. All the three groups showed a significant reduction in mean scores was observed at the end of the 1 st month and 3 rd month as compared to the baseline values (P < 0.01, 0.001) [ Table 4 ]. Further, the 3 rd month follow-up also showed a significant reduction in the score as compared to the 1 st month follow-up (P < 0.01) [ Table 4 ]. However, no statistically significant difference was observed at the end of 3 months treatment between the three groups.
Adverse drug reactions
A total of 42 adverse drug reactions (ADRs) were observed during the study period. The causality was assessed using the WHO-UMC criteria and preventability using modified Schumock and Thronton preventability scale.
Sertraline
In the sertraline group, a total of 14 adverse events were reported. The most common ADR was headache (6) followed by nausea (5), diarrhea (2), and dizziness (1). The WHO-UMC causality was possible for all the reactions expect diarrhea for which it was probable.
Fluoxetine
In this group, a total of 16 ADRs were reported. The most common ADR was headache (8) followed *P value<0.01 as compared to baseline ** P value<0.001 as compared to baseline^P value<0.001 as compared to 1 st follow up *Significant increase in sertraline as compared to fluoxetine (P<0.05) ** Significant increase in sertraline as compared to desvenlafaxine (P<0.05) # Significant increase in desvenlafaxine as compared to fluoxetine (P<0.05) by nausea (6), diarrhea (1), and dizziness (1) . The WHO-UMC causality was possible for all the reactions expect diarrhea for which it was probable.
Desvenlafaxine
A total of 19 ADRs were reported. The most common ADR was nausea (9) followed by headache (6), drowsiness (2), and dizziness (2) . The WHO-UMC causality was possible for all the reactions.
All the reactions were not preventable according to modified Schumock and Thronton preventability scale.
After comparing the three groups, using Chi-square test, no significant difference was observed between the three groups for ADRs (P < 0.25).
DISCUSSION
This study evaluated the effect of sertraline, fluoxetine, and desvenlafaxine on psychomotor function in patients with endogenous depression. The three groups were comparable at the baseline in choice reaction time audio-visual, flicker fusion test, and hand steadiness test. While in the six letter cancellation, digit letter substitution the three groups were not found to be comparable. The patients in fluoxetine group showed higher baseline values for these test. This may be because of the higher number of literate (graduate) patients. It has been reported that the results of these tests can be affected by the education level. [12] Our results are supported by Lawlor et al. (1991) a double-blind, 12-week study on sertraline 50-100 mg and fluoxetine 20-40 mg. [13] Similar results for flicker fusion test and reaction time have been obtained by a meta-analysis by Sherwood on the comparative behavioral toxicity of SSRIs. [14] A study by Ghodke et al. on SSRIs also showed that sertraline improved the choice reaction time audio and visual components at the end of 1 month as compared to 2 nd week follow-up. [15] Patients treated with fluoxetine showed a significant deterioration of all the psychomotor functions by the end of study period. A similar observation has been reported by Nicholson and Pascoe with fluoxetine. [16] Our findings on flicker fusion test are supported by Ramaekers et al. (1997) a double-blind, crossover study with fluoxetine. [17] Desvenlafaxine-treated patients did not show any significant change in any psychomotor tests till the end of study period. Our observations have been supported by a study by Nichols et al. a single ascending dose of desvenlafaxine did not significantly affect the digit letter substitution scores or choice reaction time scores over the dose range studied. [18] Psychomotor performance is the result of coordination of sensory and motor system through integrated and organized process in the brain and central nervous system (CNS). The processing of sensory input may be influenced by personality, memory, individual motivation, and the state of arousal of the CNS. [19] Real life tasks such as car driving and machine operating require coordinated sensorimotor systems. This coordination was assessed by using choice reaction time audio and visual test. Hand steadiness test assesses fine tremors in hand. [6] The patients treated with sertraline thus had improved perceptual processing, recording and recognition, improved psychomotor speed, and sensorimotor stimulation at the end of the study period. However, patients treated with fluoxetine showed deterioration in the above-mentioned functions, and those of desvenlafaxine group did alter these functions by the end of the study period.
Surprisingly, sertraline and fluoxetine belong to the same group, i.e., SSRIs; they have opposite effect on the psychomotor functions. Probably, this can be attributed to the different chemical structure, receptor binding, and pharmacokinetic profiles of these drugs. According to Plenge et al. 1991 , different SSRIs bind to different areas of 5-HT transport proteins. [20] Sertraline has shown to have a high affinity toward the sigma-1 binding site of 5-HT transport protein, as well as a high affinity for human dopamine transporter.
On the other hand, fluoxetine has been shown to have a greater affinity for 5-HT 2C receptors. Probably, the interaction of fluoxetine with 5-HT 2C receptors may result in impairment of psychomotor function. The pharmacological manipulation of 5-HT 2C receptors functions affects food intake and anxiety in animals. Moreover, the drugs interacting with 5-HT 2C receptors (nefazodone and trazodone) have been shown to potentiate the cognitive deficits produced by scopolamine in healthy elderly individuals. [6] Desvenlafaxine is a novel drug in the treatment of depression. Very few studies on the effect of desvenlafaxine on psychomotor function have been published. In general, desvenlafaxine treatment did The effect of antidepressants was assessed using HAM-D rating scale. All the three groups were found to be equally efficacious. The patients treated with sertraline, fluoxetine, and desvenlafaxine showed a significant reduction in scores at the end of first follow-up and end of the study period as compared to the baseline. Similar observations for sertraline have been reported by Lyketsos et al. [21] A randomized, double-blind, placebo-controlled trial in depressed diabetic patients by Lustman et al. showed a significant decrease in HAM-D scores from 3 weeks onward to the end of 8-week period in patients treated with fluoxetine. [22] Soares et al. have reported that desvenlafaxine 50 mg showed a significant improvement in depression symptoms by the end of 8 weeks of treatment. [23] Thus, all the three antidepressant drugs were found to be efficacious in improving the symptoms of depression from 3 weeks onward with progressive improvement till the end of the study. All the three antidepressant drugs were well tolerated. However, few ADRs were reported. The most common ADRs in each group were headache followed by nausea, diarrhea, and dizziness. Similar results have been reported by Rabkin et al. 2004 , [24] and Tourian et al. 2009 . [25] Stimulation of 5-HT 3 receptors in the CNS and periphery may account for the gastrointestinal side effects, and the excessive stimulation of brain 5-HT 2 receptors may result in CNS adverse reactions.
Like any other study, the present study also had some limitations. The number of patients enrolled in each group was less. A strict inclusion criterion for patients suffering only from endogenous depression not associated with any other comorbidity and concomitant medication was excluded from the study. This was the major reason for enrolling less number of patients. Second, the duration of the study was short, and we could not follow the patients till the complete remission of the disease. Moreover, some of the psychomotor tests such as SLCT and DLST are subjective in nature, and the result may vary according to the education level of the patients. However, the importance of the present study cannot be undermined. It is one of the few studies conducted in India on comparative effect of antidepressants on psychomotor function. This work may prove to be a foundation for future research on depressive illness and may also help clinicians in deciding treatment options based on it.
CONCLUSION
Sertraline significantly improves the psychomotor function as compared to desvenlafaxine and fluoxetine.
On the contrary, fluoxetine deteriorates it over a period of 3 months. Further studies till the remission of the disease are necessary to correlate the effect of these antidepressants on psychomotor function with the improvement of depression.
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